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Apesar da importância ecológica das lianas em florestas tropicais, sendo elementos 
chave que influenciam a estrutura e dinâmica dessas florestas, os estudos de 
populações dessas formas de vida ainda são escassos. Ainda sabe-se pouco sobre 
a influência dos fatores ambientais na distribuição espacial dos indivíduos e na 
dinâmica das populações de lianas. Conhecimento que pode ser usado para 
entender o funcionamento de florestas perturbadas, dominadas por lianas, e também 
para o manejo de lianas e florestas. Meu objetivo geral nessa tese é investigar se a 
demografia e o padrão espacial de duas espécies abundantes de lianas Neotropicais 
se relacionam às variações ambientais bióticas e abióticas. Estudamos a espécie 
Mansoa difficilis na floresta Atlântica no Sudeste do Brasil e a espécie Machaerium 
cuspidatum na floresta Amazônica no Leste do Equador. Investigamos (1) se as 
taxas vitais de uma espécie abundante de liana na floresta Atlântica Estacional 
Semidecídua se relacionam aos fatores ambientais em curto prazo; (2) se a 
distribuição espacial dos estádios de vida dessa espécie está relacionada aos 
fatores ambientais; (3) se a taxa de crescimento relativo e a mortalidade de uma 
espécie oligárquica (i.e., espécie dominante com ampla distribuição geográfica) da 
floresta Amazônica se relacionam aos fatores ambientais em longo prazo. 
Encontramos que (1) a taxa de crescimento populacional (λ) de M. difficilis está 
decrescendo na área estudada (λ = 0.962 em 2012-2013 e λ = 0.941 em 2013-2014) 
e que suas taxas vitais são influenciadas pelos fatores ambientais de forma diferente 
ao longo da vida em curto prazo. Ainda, encontramos variação espacial na λ. (2) 
Todos os estádios de vida de M. difficilis tiveram padrão espacial aleatório. 
Encontramos que cada estádio de vida tem a distribuição espacial relacionada a um 
diferente fator ambiental e/ou a um componente espacial. (3) A taxa de crescimento 
relativo de indivíduos que escalam da espécie M. cuspidatum apresentou fraca 
relação positiva com a densidade do subosque e a mortalidade de plântulas foi 
maior em áreas com declive intermediário. A dinâmica e a distribuição espacial da 
espécie estudada na floresta Atlântica foram influenciadas por variáveis ambientais 
distintas, que atuaram de forma diferente ao longo do ciclo de vida. No entanto, as 
taxas de crescimento relativo e mortalidade da espécie oligárquica estudada na 
floresta Amazônica mostraram-se pouco sensíveis aos fatores ambientais 
estudados. 
 
Palavras-chave: dinâmica populacional, espécies oligárquicas, floresta tropical, 





Lianas are key elements in tropical forest that influence forest structure and 
dynamics, despite their ecological importance, population studies on this life form are 
rare. We still know little about the influence of environmental factors on the spatial 
distribution of individuals and on the population dynamics of lianas. This knowledge 
can be used to understand the functioning of disturbed forests, dominated by lianas, 
and also for management of lianas and forests. My main goal in this thesis is to 
investigate whether the demography and spatial pattern of two abundant Neotropical 
liana species relate to abiotic and biotic environmental variations. We studied the 
species Mansoa difficilis in the Atlantic forest in southern Brazil and the species 
Machaerium cuspidatum in the Amazon forest in east Ecuador. We investigated (1) 
whether the vital rates of an abundant liana species in Seasonal Semideciduous 
forest relate to environmental factors in short-term; (2) whether the spatial distribution 
of the life stages of this same species relate to environmental factors; and (3) 
whether the relative growth rate (RGR) and mortality of an oligarchic species (i.e., 
widely distributed dominant species) in Amazon forest relate to environmental factors 
in long-term. We found out that (1) the population growth rate (λ) of M. difficilis is 
decreasing in the studied area (λ = 0.962 in 2012-2013 and λ = 0.941 in 2013-2014) 
and the vital rates are influenced by environmental factors differently throughout 
lifespan in short-term. Moreover, there was spatial variation in λ. (2) All stages of life 
of M; difficilis were randomly distributed. The spatial distribution of each stage of life 
is related to a different environmental factor and/or a spatial component. (3) The 
RGR of climbing individuals of M. cuspidatum was weakly positively related to dense 
understory and the mortality of seedlings was higher in areas with intermediate slope. 
The dynamics and spatial distributions of the species studied in the Atlantic forest 
were influenced by different environmental variables throughout lifespan, however 
the RGR and mortality of the oligarchic species studied in the Amazon forest had low 
sensitivity to environmental factor.  
 
Key-words: population dynamics, oligarchic species, tropical forest, life-history, 
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 Lianas são trepadeiras lenhosas que germinam no solo, mantem-se 
enraizadas nele por toda a vida, no início da vida crescem de modo independente, 
mas depois passam a escalar plantas hospedeiras (forófitos) como estratégia para 
ascender ao dossel da floresta (Putz 1990, Schnitzer & Bongers 2002, Gerwing 
2004). Darwin em 1875 publicou o primeiro grande estudo a incluir a biologia de 
lianas, intitulado ―On the movements and habits of climbing plants‖, no qual descreve 
as diferentes estratégias de escalada usadas pelas plantas trepadeiras, as quais ele 
classificou como volúveis (trepadeiras que se enrolam no tronco da planta 
hospedeira), foliares (trepadeiras que utilizam folhas ou pecíolos para se enrolar em 
torno da planta hospedeira), gavinhosas (trepadeiras que utilizam gavinhas), 
ganchos e raízes (também chamadas de trepadeiras escandentes, que usam 
ganchos, raízes ou simplesmente se apoiam sobre a planta hospedeira). Na década 
de 80 foram publicados alguns trabalhos importantes sobre ecologia de lianas (e.g., 
Putz 1984a, Putz 1984b) e em 1991 Putz & Mooney publicaram o livro intitulado 
―The Biology of Vines‖. Nesse livro foi publicado o importante estudo de Gentry 
(1991) intitulado ―The distribution and evolution of climbing plants‖, no qual descreve 
pela primeira vez a relação das lianas com o ambiente nos trópicos. Desde a década 
de 80 os estudos sobre ecologia de lianas tem crescido consideravelmente e hoje 
em dia são reconhecidas como componentes essenciais em florestas tropicais 
(Schnitzer et al. 2015). 
 As lianas formam um grupo funcional abundante e diverso, pois 
aproximadamente metade das famílias de plantas lenhosas tem espécies de lianas 
(Putz 1984b). Tem grande importância ecológica e estrutural nas florestas tropicais, 
principalmente em ambientes fragmentados (Morellato & Leitão-Filho 1996, 
Schnitzer & Bongers 2002, Nesheim & Økland 2007, van der Heijden & Phillips 
2008). Geralmente, são encontradas em grandes densidades em clareiras e na 
borda da floresta (Nabe-Nielsen 2002). As trepadeiras lenhosas são elementos-
chave na comunidade vegetal de uma floresta. Dentre os vários papéis que 
desempenham, ligam uma copa à outra, podendo derrubar as árvores, favorecendo 
a formação de clareiras e aumentando da heterogeneidade ambiental (Schnitzer & 
Bongers 2002). As lianas influenciam a regeneração florestal, podendo influenciar a 
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dinâmica natural e a estrutura da floresta, reduzindo a sobrevivência e o crescimento 
das árvores (Schnitzer & Bongers 2002). As lianas são importantes para a 
comunidade animal, pois a comunidade de lianas produz flores e frutos ao longo de 
todo o ano e sua fenodinâmica é complementar à das árvores, auxiliando na 
manutenção de animais dispersores e polinizadores (Morellato & Leitão-Filho 1996). 
Além da influência direta nas comunidades vegetal e animal, as lianas também têm 
grande impacto no nível de ecossistema, como nos processos de transpiração total 
da floresta, biomassa acima do solo e nos cenários de mudança climática mundial 
(Phillips et al. 2002, Schnitzer & Bongers 2002, Schnitzer et al. 2005). 
 A densidade de lianas nos Neotrópicos tem aumentado substancialmente nos 
últimos 30 anos (Phillips et al. 2002), o que é uma das mais importantes mudanças 
estruturais ocorrendo atualmente nas florestas tropicais (Schnitzer & Bongers 2011). 
O aumento da densidade de lianas Neotropicais impacta diretamente o ciclo do 
carbono, reduzindo o estoque de carbono nas florestas (Schnitzer et al. 2014, van 
der Heijden et al. 2015). As causas para o aumento das lianas nessas regiões ainda 
não foram determinadas, mas três principais fatores conhecidos por favorecerem o 
aumento das lianas: (1) aumento dos distúrbios antrópicos como a fragmentação, 
que levam à formação de bordas e clareiras, as quais tem maior incidência de luz, 
favorecendo o aumento das lianas (Schnitzer & Bongers 2002, Campbell et al. 
2015). A presença de clareiras pode aumentar consideravelmente a abundância das 
lianas em razão da sua capacidade de produzir sistemas de raízes independentes, 
as quais aumentam suas chances de sobrevivência (Schnitzer & Bongers 2002). Em 
florestas que sofreram a ação antrópica, a densidade e área basal de lianas 
aumentam rapidamente, impactando o desenvolvimento das florestas em 
regeneração (Barry et al. 2015); (2) o aumento do CO2 atmosférico já foi considerado 
o fator mais importante responsável pelo aumento da densidade das lianas nas 
últimas décadas (Phillips et al. 2002), porque lianas tem maior razão entre área foliar 
e caule ou biomassa total da planta do que árvores. Portanto, acredita-se que elas 
podem aproveitar melhor o aumento no nível de CO2 do que espécies arbóreas 
(Schnitzer & Bongers 2011). No entanto, Marvin et al. (2015) demonstraram 
experimentalmente a fragilidade das evidências de que o aumento de CO2 
atmosférico pode favorecer mais as lianas do que as árvores; (3) a diminuição da 
precipitação pode ser um dos fatores chave relacionado ao aumento da abundância 
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de lianas (Schnitzer et al. 2005), pois para obter sucesso na seca, as lianas podem 
adotar estratégias fisiológicas (e.g., maior condutância estomática e taxa 
fotossintética em florestas sazonais, quando comparadas às árvores) (Chen et al. 
2015), estruturais (e.g., raízes profundas) (Restom & Nepstad 2004) e anatômicas 
(e.g., maior número de vasos do que plantas não trepadeiras) (Rosell & Olson 2014). 
As lianas são abundantes em florestas sazonais por causa de suas adaptações à 
seca (Schnitzer 2005, Dewalt et al. 2010), o que pode impactar a dinâmica da 
floresta, uma vez que lianas competem com as árvores pela água, diminuindo o 
fluxo de seiva das árvores na estação seca (Álvarez-Cansino et al. 2014). 
 A Floresta Atlântica já foi a segunda maior floresta em área da América do Sul 
(Myers et al. 2000, Ribeiro et al. 2009). Atualmente restam apenas pequenos 
fragmentos, a maioria possui menos de 100 ha, que somam de 11% a 16% da 
floresta original (Ribeiro et al. 2009). Embora a intensa fragmentação nessa floresta 
possa propiciar o desenvolvimento de lianas, o conhecimento básico sobre lianas na 
Floresta Atlântica ainda é escasso (Alves et al. 2012). A Floresta Atlântica Estacional 
Semidecídua pode ser especialmente propícia ao desenvolvimento das lianas devido 
à presença de uma estação seca, quando até 50% das árvores perdem suas folhas 
(Veloso et al. 1991), o que aumenta em torno de 33% a incidência de luz no interior 
da floresta, quando comparado a estação chuvosa (Hernandes et al. 2004). 
Considerando que essas condições ambientais, principalmente a seca e a alta 
incidência de luz, podem favorecer a abundância excessiva de lianas nessas 
florestas, é importante entender como os fatores ambientais atuam nas populações 
locais para poder prever seu impacto na dinâmica da floresta (Nabe-Nielsen 2004) e 
elaborar planos de conservação. Pelo nosso conhecimento, não há disponível na 
literatura estudos sobre dinâmica e distribuição espacial de populações de lianas na 
floresta Atlântica, conhecimento que pode ser usado para entender melhor o papel 
das lianas na floresta e gerar planos de manejo e conservação. 
 A abundância de lianas vem crescendo especialmente em florestas contínuas 
na região Amazônica (Phillips et al. 2002). Na última década diversos estudos na 
floresta Amazônica incluíram comunidades de lianas (e.g., Laurance et al. 2001, 
Nabe-Nielsen 2001, Burnham 2002, Phillips et al. 2002, Burnham 2004, Phillips et al. 
2005, van der Heijden et al. 2008, Schnitzer & Bongers 2011). Embora se saiba que 
o aumento demasiado de lianas na região Amazônica possa ter um grande impacto 
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na dinâmica e estrutura das florestas, pouco se sabe sobre a demografia e estrutura 
das populações locais. Há apenas quatro estudos sobre populações de lianas nessa 
floresta, todos sobre a espécie oligárquica (i.e., espécies dominantes com ampla 
distribuição geográfica) Machaerium cuspidatum Kuhlm. & Hoehne (Fabaceae) (cf., 
Nabe-Nielsen 2002, Nabe-Nielsen & Hall 2002, Nabe-Nielsen 2004, Franci et al. 
2016). 
 Os estudos de população nos permitem entender a história de vida das 
espécies e sua estabilidade no espaço e tempo (Crone et al. 2011). Conhecer a 
demografia de populações pode ser a base para conhecer as condições ambientais 
ótimas para o crescimento populacional da espécie. Estudos sobre a dinâmica 
populacional de lianas podem ajudar a elucidar questões sobre mudanças no estado 
sucessional da floresta, o qual pode estar relacionado às mudanças na diversidade e 
composição das espécies (Nabe-Nielsen 2004). Ainda, estudos relacionando a 
dinâmica de populações de lianas e as variáveis ambientais podem ajudar a 
entender os fatores associados ao aumento de suas densidades nos Neotrópicos. 
Além dos estudos demográficos, é importante estudar o padrão espacial 
populacional, o que pode ser a chave para entender os mecanismos responsáveis 
pela distribuição dos indivíduos no espaço e como a população usa os recursos 
disponíveis (Condit et al. 2000). A abundância das lianas varia com fatores abióticos, 
incluindo precipitação total, sazonalidade das chuvas, fertilidade do solo e distúrbios, 
como formação de clareiras (Gentry 1991, Schnitzer & Bongers 2002). Além da 
relação com os filtros ambientais, a abundância e a distribuição espacial das 
trepadeiras lenhosas podem estar associadas às espécies de forófitos disponíveis 
(Leicht-Young et al. 2010). Portanto, a relação das lianas com determinados fatores 
ambientais pode mudar ao longo do seu desenvolvimento (Nabe-Nielsen & Hall 
2002, Gerwing 2004). 
 
 
Objetivo geral da tese 
 O objetivo geral desta tese é estudar a ecologia populacional de duas 
espécies de lianas abundantes nas florestas Atlântica e Amazônica, as duas maiores 
florestas tropicais da América do Sul. Investigamos (1) Se as taxas vitais dos 
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indivíduos se relacionam aos fatores ambientais; (2) Se a distribuição espacial dos 
indivíduos está relacionada aos fatores ambientais. 
Organização da tese 
 No Capítulo 1 investigamos como a dinâmica populacional da espécie 
Mansoa difficilis (Cham.) Bureau & K. Schum. (Bignoniaceae) se relaciona à 
variação ambiental ao longo de três anos em um fragmento de Floresta Estacional 
Semidecídua. Testamos as seguintes hipóteses: (1) Como a área de estudo é uma 
floresta secundária que sofreu corte seletivo no passado recente, o decorrente 
aumento da disponibilidade de luz e plantas hospedeiras deve favorecer crescimento 
populacional no geral. (2) Por causa das diferentes condições ambientais 
enfrentadas ao longo da vida pelas lianas, as taxas vitais dos indivíduos jovens 
estão relacionadas às variáveis do solo, e dos indivíduos que escalam uma planta 
estão relacionadas à disponibilidade de plantas hospedeiras e luz. (3) O crescimento 
populacional é maior em locais típicos de clareira com grande densidade de árvores 
pequenas, dossel aberto e relativamente baixo, porque lianas são em geral 
dependentes de luz e a densidade de árvores determina a disponibilidade de árvores 
hospedeiras. 
 No Capítulo 2 investigamos se a distribuição espacial da liana M. difficilis está 
relacionada à variação dos fatores ambientais em um fragmento de Floresta 
Estacional Semidecídua. Testamos a hipótese geral de que a distribuição espacial 
de cada estádio de vida é influenciada por condições ambientais específicas. 
Esperamos que: (1) lianas são espacialmente agregadas, e o grau de agregação 
diminui nos estádios de vida tardios. (2) Lianas que se sustentam em pé ou que 
escalam no subosque são mais abundantes em locais com árvores pequenas e 
finas. (3) Lianas em busca de uma planta hospedeira são mais abundantes em 
locais com baixa densidade de árvores. (4) Lianas escalando no dossel são mais 
abundantes em locais com alta densidade de árvores grandes. (5) Lianas que não 
escalam uma planta hospedeira tem densidades relacionadas aos fatores abióticos, 
como nutrientes do solo e abertura do dossel, sendo que quanto maior a abertura de 
dossel, maior o número de indivíduos. (6) Indivíduos que escalam uma planta são 
mais abundantes em locais com solos mais profundos. 
 No Capítulo 3 investigamos a sensibilidade das taxas vitais da liana 
dominante Machaerium cuspidatum Kuhlm. & Hoehne (Fabaceae) à variação 
15 
 
ambiental em um estudo de longo prazo (11 anos). Testamos a influência da 
variação ambiental (altura máxima do dossel, composição florística, densidade do 
subosque, componentes do solo e declividade) sobre a taxa relativa de crescimento 
e mortalidade de indivíduos em diferentes estádios de vida da liana na floresta 
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Lianas are key elements in tropical forests due to their impact on forest structure and 
dynamics. There are few studies on liana population dynamics in the Neotropics, 
even though changed dynamics in liana populations in response to altered climatic 
and environmental conditions could have large impacts on forest turnover rates. 
Here, we used matrix models to study the population dynamics of the liana Mansoa 
difficilis in fragmented seasonal semideciduous tropical forest in southeastern Brazil. 
We show that the fate (i.e. growth and mortality) of liana individuals can be 
influenced by environmental variables. The fate of individuals and the number of new 
individuals were recorded for three years in 100 plots of 10 × 10 m each. We used 
multinomial logistic regressions to assess the influence of environmental factors on 
the fate of individuals in different life stages. We tested a range of models that 
included different groups of environmental variables: (i) soil nutrients; (ii) water 
availability; (iii) light availability; and (iv) tree community structure, using AIC for 
model selection. The fates predicted with the best model were used to construct a 
matrix model for each plot to calculate the population growth rate (λ) in that plot. In 
the period 2012–2013, λ was 0.962 on average, while in 2013–2014 it was 0.941. It 
was lower than 1 in both periods. In both periods the elasticity of λ was higher for 
survival of large climbers than for other fates. The environmental factors that most 
strongly affected the different vital rates varied among life stages. The best models 
were not the same in the two periods, indicating that the impact of environmental 
factors on the demographic rates changed through time. According to the results, the 
population growth rate was most strongly influenced by tree community structure 
features, which favour high population growth rates in only a small part of the forest, 
but that light availability was also important. Tree community characteristics may be 
the key to understand and predict the general increase in density of lianas in the 
Neotropics. 
 






Lianas (woody climbers) are an abundant and diverse functional group, and about 
half of the woody plants families include lianas (Putz 1984b). They are key elements 
in tropical forest communities, with great structural and ecological importance, 
particularly in disturbed areas (Morellato & Leitão-Filho 1996, Schnitzer & Bongers 
2002, van der Heijden et al. 2008). Lianas compete with trees above- and below-
ground (Schnitzer 2005, Schröder et al. 2013, Álvarez-Cansino et al. 2014, Kainer et 
al. 2014), increase forest heterogeneity and influence forest regeneration, dynamics, 
and structure (Schnitzer 2005, Nabe-Nielsen et al. 2009). Although lianas are 
important elements in forests, high liana loads have been demonstrated to reduce 
the carbon retention, causing a negative impact on carbon stocks and, consequently, 
on global climate (Durán & Gianoli 2013, van der Heijden et al. 2013, Schnitzer et al. 
2014). Lianas are particularly abundant in seasonally dry forests where they benefit 
from their deep roots, efficient vascular systems and fast control of stomatal 
conductance (Restom & Nepstad 2004, Schnitzer 2005, Dewalt et al. 2010, Chen et 
al. 2015). Álvarez-Cansino et al. (2014) showed that lianas compete with trees for 
water, and demonstrated that the presence of lianas strongly reduce the sap flow of 
trees in the dry season. Because lianas have a strong impact on the forest dynamics 
it is important to understand which biotic and abiotic factors favour their population 
growth, particularly for the abundant species. 
 The Atlantic Forest in Brazil was formerly the second largest forest in South 
America, supporting high species richness and rates of endemism (Myers et al. 2000, 
Ribeiro et al. 2009). After intensive logging, only between 11%–16% of the forest 
remains intact, much of it as <100 ha fragments (Ribeiro et al. 2009). As increasing 
fragmentation is associated with increasing liana abundances that can influence the 
structure and dynamics of the forest, it is important to understand how environmental 
variation influences liana population dynamics. This, in turn, can allow us to predict 
their impact on forest dynamics under various environmental conditions (Nabe-
Nielsen 2004) and maybe focus our conservation efforts on patches whose long term 
survival is not likely to be compromised by increasing liana densities. 
 During their ontogeny, lianas face different environmental conditions. After 
germinating in the soil they remain upright for a while. At a certain stage they start 
climbing on a host plant in order to reach the high light levels at the forest canopy 
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(Putz 1990). Therefore, various biotic and abiotic factors, such as light availability, 
the presence of host trees, rain seasonality, soil properties and disturbances can 
affect liana density (Schnitzer & Bongers 2002), although their effects may depend 
on the life stage (Nabe-Nielsen & Hall 2002, Gerwing 2004). The success of the 
lianas that have not yet become dependent on a support can be influenced by 
various biotic and abiotic environmental factors (Nesheim & Økland 2007), while 
climbing lianas are more influenced by host-trees availability (Nesheim & Økland 
2007, van der Heijden & Phillips 2008). 
Studies on population dynamics are powerful tools to understand life-history of 
a species and its stability in time and space (Crone et al. 2011). Moreover, 
investigating population dynamics of lianas and how they relate to environmental 
variation can help to understand their increasing density in the Neotropics (Phillips et 
al. 2002). Although liana population dynamics are likely related to environmental 
variation the relative impact of different kinds of environmental variables on the 
lianas‘ vital rates remains elusive due to the scarcity of studies (but see Escalante et 
al. 2004, Nabe-Nielsen 2004, Kouassi et al. 2008). 
In this study we investigated how the population dynamics of an abundant and 
ecologically important liana species, Mansoa difficilis (Cham.) Bureau & K. Schum. 
(Bignoniaceae), relates to environmental variation in a fragment of Atlantic Seasonal 
Semideciduous Forest with a history of anthropogenic disturbance. Our main 
objective was to analyse the population dynamics of the species in relation to biotic 
and abiotic environmental variation in order to better understand possible feedbacks 
between liana and forest dynamics. We tested the following hypotheses: (1) As the 
study area is a secondary forest that has undergone selective logging in the recent 
past, we expected that high light availability and host tree densities had resulted in a 
increased population growth rate (λ). (2) we expected the vital rates for small 
individuals to be related to soil variables, but those of larger individuals to be more 
related to host tree availability and light. (3) We expected the population to grow 
faster in gaps with a high number of potential host trees, open canopy and low 
average canopy height, because lianas are in general light demanding invariably 





2.1 Study site 
The study was carried out on a slope in Ribeirão Cachoeira Forest (22°50‘ S, 46°55‘ 
W), a 245-ha fragment of Tropical Seasonal Semideciduous Forest located in the 
Campinas Protection Environmental Area, SE Brazil. In the east-west direction the 
fragment is crossed by the Cachoeira stream, a tributary of Atibaia River, the main 
water provider to Campinas municipality. The regional climate is subtropical humid, 
with rainy summers and dry winters (Cwa, Peel et al. 2007). The rainy season occurs 
from October to March (spring-summer), when average total precipitation is 1020 mm 
and the average temperature is 24 °C; the dry season lasts from April to September, 
when average total yearly precipitation is 344 mm and average temperature is 20 °C 
(data from 2004 to 2014, CIIAGRO 2015). The altitude varies between 630 m and 
760 m a.s.l. The soil makes a catena (i.e., a sequence of different soil profile down a 
slope) along the slope, with sandy Red-Yellow Argisol (FAO‘s Acrisol) in the lower 
portion and Lytholic Neosol (FAO‘s Leptosol) in the upper portion (personal 
observation). 
 The sampling area (6.48 ha) is set in the south portion of the fragment, on the 
left bank of the Cachoeira brook. We collected the data in 100 randomly selected 
plots of 10 m × 10 m each (see Cielo-Filho et al. 2007 for more details). 
 
2.2. Study species 
Mansoa difficilis occurs in Bolivia, Paraguay, Argentina and Brazil from Amazon 
Forest in the north to the Atlantic Forest in the south (Lohmann & Taylor 2014). The 
species represents about 20% of all lianas with diameter ≥ 1 cm at 1.3 m from the 
rooting point in Ribeirão Cachoeira forest (van Melis 2013). The individuals climb the 
host plant with the aid of trifid tendrils. Individuals in the Seasonal Semideciduous 
Forest flower synchronously during the rainy season (Morellato & Leitão-Filho 1996). 
Only individuals that have reached the canopy can reproduce (personal observation), 
presumably because they need high light levels to reproduce, like most liana species 
(Campbell & Newbery 1993) Mansoa difficilis does not reproduce every year (Garcia 





2.3 Collection of environmental data 
In each plot, every year we estimated the forest canopy openness index using a 
spherical convex densiometer at breast height (Lemmon 1956). We collected 500 g 
of soil in the centre of each plot using an auger in the first 20 cm (topsoil), from which 
organic matter, pH, P, K, Ca, Mg, potential acidity, cation exchange capacity, sum of 
bases, base saturation, silt, clay and coarse, fine and total sand were measured. The 
soil depth was measured with an auger on three locations in each plot. To estimate 
the content of available water in each plot, one undeformed soil sample was 
collected in the centre of each plot using a volumetric ring (50 mL). The water 
retention curve was determined at the Instituto Agronômico de Campinas (Camargo 
et al. 2009). In each plot, the height and diameter at breast height (DBH) were 
measured for every tree with trunk DBH ≥5 cm. 
 
2.4 Collection of demographic data 
Plants with independent roots were considered separate individuals in this study 
(following Schnitzer et al. 2006). Plants sharing roots were considered as one single 
branched individual and only the largest branch was tagged. We tagged all 
individuals of M. difficilis in each of the 100 plots. During the years 2012, 2013 and 
2014 we recorded the fate (i.e, death and growth) of all individuals and tagged the 
new individuals. The individuals were classified into four stages: upstanding 
(individuals that are upright and not climbing), searcher (individuals lying on the 
ground searching for a support to climb), small climber (individuals climbing in the 
understory), and large climber (individuals climbing in the canopy). Only climbing 
individuals that reached the canopy were considered large climbers (Table 1). We 
recensused the population once every year at the end of the rainy season. 
 
2.5 Matrix population construction 
We summarized the population life-cycle (Figure 1) using stage-based matrix models 
(Lefkovitch 1965). Population development was calculated as 
n(t +1) = An(t) 
where A is the projection matrix and n(t) is a vector of stage abundances at the time t 
(Caswell 2001). The projection time (t + 1) was one year. From one year to the next, 
plants can grow (Gij) from stage i to stage j, survive (Si) in the same stage and 
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regress (Rij) from stage j to stage i. Gij was calculated as the proportion of plants in 
stage i at time t that had grown to stage j in time t + 1. Si was calculated as the 
proportion of plants in stage i in time t that remained in the stage i in time t + 1. Rij 
was calculated as the proportion of individuals that regressed from stage j in time t to 
stage i in time t + 1. The fertility (Fi) of adults was obtained as the proportion of 
recruits produced per adult in time t + 1. 
 For each of the transition matrices that were constructed on basis of all 
individuals in the 100 plots, i.e. one for the period of 2012–2013 and one for each 
plot in 2013–2014, we calculated the population growth rate (λ) and the elasticity 
corresponding to the different life stages. We used the R package ‗popbio‘ (Stubben 
& Milligan 2007) to calculate elasticity matrices. We obtained bootstrap confidence 
intervals of λ by resampling the original data with 1000 replacements, and calculated 
λ for each of the corresponding transition matrices. The 95% confidence interval of λ 
was calculated using the percentile method (Caswell 2001). 
 
2.6 Multinomial logistic regression for transition entries and spatial variation in 
λ 
We calculated how the transition probabilities for plants in different stages depended 
on environmental variation using multinomial logistic regressions. The stage stasis 
was used as reference when calculating the probabilities of the transitions: death, 
growth to the next stage, growth by two life stages in one time period, shrinking one 
stage, and shrinking two stages in one period. The predicted transition probabilities 
corresponding to the environmental conditions found in the different plots were 
subsequently used to construct a transition matrix for each plot and period. In order 
to reduce collinearity we removed environmental variables that were highly correlated 
(using pairwise plot and Spearman correlation, r). Whenever two variables had r > 
0.7 only the most biologically meaningful one was retained. After using this 
procedure we organized the selected variables in four subsets (Table 2): (i) variables 
related to nutrients, i.e. P, K and Ca availability; (ii) water related variables, i.e., 
variables that can affect water conditions in soil, including clay, silt, fine sand, organic 
matter, available water content, distance from river and soil depth; (iii) light 
availability, i.e., canopy openness; and (iv) variables related to tree community 
structure, including tree above ground biomass (AGB), number of trees per plot and 
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maximum canopy height. We applied arcsine transformation to canopy openness. 
Above ground biomass was estimated as suggested by Chave et al. (2005): 
AGB = exp(-2.977 + ln(ρD²H)) 
where ρ is wood density (g cm-3), D is the diameter at breast height (cm) and H is the 
height (m) of trees. We used the mean ρ for Atlantic Forest, 0.701 g cm-3 (Chave et 
al. 2006). For every stage we constructed 14 multinomial logistic regressions – one 
for each possible combination of variable subsets, using the fate as response 
variable and the fate ―stasis‖ as reference (Appendix Table A2). In each case, the 
best model was selected with Akaike Information Criterion (AIC). For the best model 
of each stage we calculated the significance of each variable using a Wald test. 
Using the best models we predicted the values of each transition in each plot and 
used these values to construct a matrix for each plot and calculated λ. We tested the 
per-plot spatial autocorrelation in λ using Moran‘s I with Bonferroni correction index 
(Legendre & Legendre 2012). With the λ values we constructed maps of the variation 
in λ among plots for each period. For each matrix we calculated the elasticities and 
then the mean elasticity matrix for each period. Multinomial logistic regressions were 
made using the R package ‗nnet‘ (Venables & Ripley 2002). 
 
3. Results 
3.1 Population dynamics 
In 2012 there were 659 individuals; in 2013, 556 individuals; and 563 individuals of 
M. difficilis in 2014 (Table 1). The population growth rate was 0.962 (0.935–0.978) in 
2012-2013 and 0.941 (0.933 – 0.979) in 2013-2014 (Appendix Figure A1). Values in 
parentheses indicate the 95% bootstrap confidence interval. Hence, contrary to our 
hypothesis 1, the population growth rate was <1 in spite of the recent history of 
logging in the forest. In both periods, the elasticity of λ was higher for adult survival 
(60.3% in 2012-2013 and 70.9% in 2013-2014) than for any other transition (Figure 
2). 
 
3.2 Relationship with environment across ontogeny 
The environmental variables included in the best multinomial regression model 
differed among stages and between the two periods (2012-2013 and 2013-2014) in 
accordance with our hypothesis (2) (Appendix Table A1). In the first period the 
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transitions of upstanding individuals (i.e. whether they remained in the same size 
class or turned into searchers or small climbers) were related to soil nutrients and 
tree community; in the second period only the tree community structure influenced 
the transitions of these individuals. The transitions of searchers were related to soil 
nutrients in the first period but to water-related variables in the second period. The 
transitions of small climbers were related to canopy openness and tree community 
structure in the first period and only to canopy openness in the second period. In the 
first period the transitions of large climbers were related to tree community structure 
variables and to canopy openness in the second period (Appendix Table A1 and A2). 
 
3.3. Population dynamics: spatio-temporal variation 
The population growth rate varied in space (Figure 3). In the first period, mean λ was 
0.878 ± 0.179 (mean ± standard deviation), and 13 plots had λ lower than 0.80. In 
this period one plot had λ equal to one and three plots had λ slightly higher than one 
(1.006, 1.008 and 1.029). In the period 2013-2014, mean λ was 0.902 ± 0.168, five 
plots had λ equal to one and no plot had λ higher than one. From the first to the 
second period λ increased in 49 plots, decreased in 48 plots. Three plots were 
without lianas. The λ values were correlated between the two periods (r² = 0.31, P 
<0.01) (Appendix Figure A2), supporting our hypothesis 2. In one plot the λ increased 
to 1, and in one it increased to >1 from the first to the second period. In these two 
plots there was stasis of small and large climbers, which are the transitions that had 
the highest elasticity values – i.e., the transitions that most influence the variation in 
λ. In one plot, the λ decreased from 1 to <1 and in three plots the λ decreased from 
higher than 1 to <1. In these four plots, several upstanding, searcher and small 
climber individuals died. 
 The highest mean elasticity value for the 100 plots was found for survival of 
large climbers in both periods. This did not vary among plots. The lowest value of 
mean elasticity in the first period was for upstanding stasis, but this varied among 
plots (Figure 4). In two plots the elasticity for upstanding stasis was higher than 96%. 
Both of these plots were characterized by low light availability due to a closed 
canopy. Our hypothesis (3) was only partly supported: λ was positively related to the 
number of trees per plot but contrary to our expectations it was not related to canopy 
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openness (Figure 5). The population growth rate was also positively related to tree 
biomass per plot (Figure 5). 
 
4. Discussion 
4.1 Population dynamics 
The average population growth rate of Mansoa difficilis was below one in both 
periods, differing from our hypothesis that because the fragment was logged in the 
recent past, what should benefit growth, survival and reproduction of most liana 
species, and from the commonly found for lianas in tropical forests, in which climbers 
often have λ ≥ 1 (Escalante et al. 2004, Nabe-Nielsen 2004, Kouassi et al. 2008). 
The highest elasticity of λ was for large climber stasis, consistent with the general 
importance of stasis of the oldest or largest life stages for woody plants reported in 
other studies (Silvertown & Franco 1993, Caswell 2001) and with previous studies of 
lianas in tropical forests (Escalante et al. 2004, Nabe-Nielsen 2004, Kouassi et al. 
2008). In both periods, large climber mortality (3.84% and 3.55%, percentage of dead 
individuals in the first and second period, respectively) was higher than found for 
adults of other species of woody climbers in tropical forests (e.g., Putz 1990, Nabe-
Nielsen 2004, Kouassi et al. 2008). The low λ is likely to be due to high mortality of 
large individuals, probably because they depend on large trees, which had been 
logged in the past. Because the elasticity of λ was higher for large climber stasis, the 
population can decrease even more in the long-term if mortality remains high. 
However, the population was not decreasing evenly in the forest. The population 
growth rate was higher in areas with higher tree density and biomass, indicating that 
this common liana species benefits more from particular tree community structure 
features than from gap availability. 
 
4.2 Relationships between population dynamics and environmental conditions 
In Neotropical forests, liana abundance and richness are strongly related to soil 
properties (DeWalt et al. 2006, Addo-Fordjour & Rahmad 2015) and small-scale 
disturbances such as treefall gaps (Schnitzer & Bongers 2002, Ledo & Schnitzer 
2014). Here, we show that the vital rates of lianas can also be influenced by 
environmental properties. The mortality of upstanding individuals was positively 
related to the soil nutrient potassium and negatively related to the number of trees 
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per plot. The relation between mortality of liana individuals in early life and 
environment was also reported for the Amazonian liana species Machaerium 
cuspidatum, which had higher mortality in areas with greater canopy openness 
(Nabe-Nielsen 2002). The mortality of large climbers was higher in sites with lower 
biomass and fewer trees, which can be related to the support availability. A high 
number of trees is more likely to benefit small climbing liana individuals because the 
greater the number of trees the greater the availability of suitable host trees. The 
largest liana individuals are more likely to be associated with very large host trees, 
which often occur in areas with a sparse understory and a small number of smaller 
host trees. Lianas are efficient above- and below-ground competitors (Chen et al. 
2008, Tobin et al. 2012), thus the large number of trees around them is not 
necessarily a problem for nutrient acquisition.  
 The presence of many short trees in Ribeirão Cachoeira forest, low 
abundance of trees with high economic value (Cielo-Filho et al. 2007) and high 
abundance of lianas (3,806 individuals.ha-1, van Melis 2013) are the result of 
anthropogenic disturbances in the recent past. One possible reason why we did not 
observe a positive population growth rate for M. difficilis could be that it is very fast at 
responding to changes in light conditions and host tree availability, and that the high 
population densities we currently observe in the area result from a few years with 
rapid population growth. Because lianas depend on host trees to reach the forest 
canopy, changes in the tree community structure may lead to changes in liana 
populations as well (van der Heijden & Phillips 2008, Dalling et al. 2012). The 
presence of many short trees in the community favours lianas by enabling light 
availability and host trees. 
 Environmental favourability can vary at fine spatial scales (Terborgh 1973). 
For M. difficilis such fine scale variability was to influence population growth rates 
within plots, and the temporal variability in the environmental conditions appeared to 
be the cause of highly dynamic local population growth rates. Generally, λ was higher 
in sites that favoured the survival of large climbers. For M. difficilis the demographic 
rates were mainly related to characteristics of the tree community, and λ decreased 
to <1 in plots with low above-ground biomass. The decrease in λ and higher mortality 
of large climbers in plots with low biomass and fewer trees can be explained by a 
lack of host trees, which prevents them from reaching the forest canopy. Such high 
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impact of low host tree availability on liana establishment has been discussed in 
other studies (Gianoli 2015, Roeder et al. 2015). 
 Although the abundance of lianas is generally high in fragmented and 
disturbed areas and in treefall gaps (Schnitzer & Bongers 2002, Campbell et al. 
2015) liana biomass has been observed to increase with forest age (Letcher & 
Chazdon 2009). Recently fragmented areas can promote fast increase in the density 
of early successional lianas, but the abundance and composition of lianas change 
with forest regeneration due to light and support availability (Dewalt et al. 2000, 
Letcher 2015). We found lower population growth rate and higher mortality of large 
climbers of M. difficilis in areas with lower biomass and fewer trees. With forest 
regeneration the biomass can increase, promoting favourable places for this liana 
species survival and growth. Our study supports the notion that changes in 
abundance and composition of lianas across forest age (Dewalt et al. 2000) can be 
explained by the relation between vital rates and environmental factors. Mostly works 
link the increase in liana abundance to the increase in atmospheric CO2 (Phillips et 
al. 2002, Schnitzer & Bongers 2011), drought (Schnitzer et al. 2005) and forest 
fragmentation (Schnitzer & Bongers 2002, Barry et al. 2015). Our study 
demonstrates for the first time that liana population dynamics can be directly related 
to tree community structure characteristics that are frequently associated with forest 
fragmentation. Studies on liana dynamics of can be a key tool to understand and 
predict changes in liana abundance and in the Neotropics and its impact on forest 
dynamics and structure. 
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Table 1. Characteristics of the stages and number of individuals (N) of Mansoa 
difficilis in the years of 2012, 2013 and 2014. 






Climbing Forest strata   N   N   N 























climber no no yes canopy   




Table 2. Subsets of environmental variables measured and the models which they 
were used. In the ―Model used‖ column the X can be substituted by the letters U, S, 
SC and LC for upstanding, searcher, small climber and large climber, respectively. a 
is for the period of 2012-2013 and b is for 2013-2014 (see Table A1 in Appendix for 
more details on the models). 
Subset Measured variables Model used 





(ii) Water related 
clay, silt, fine sand, organic matter, 
available water content, distance from 










(iv) Tree community 
structure 
above ground biomass, number of 









Figure 1. Life-cycle diagram (a) and transition matrix (b) for a population of Mansoa 
difficilis. Arrows indicate potential transitions between the ontogenetic stages: growth 





Figure 2. Elasticity matrices of a population of Mansoa difficilis for the periods of (a) 





Figure 3: Maps of predicted population growth rate (λ) per plot for the population of 
Mansoa difficilis for the periods of (a) 2012-2013 and (b) 2013-2014. Isoclines are the 
altitude (m) relative to the river (0 m), squares are the 10 m × 10 m plots and colors 




Figure 4. Mean elasticity matrices (mean ± standard deviation) of a population of 
Mansoa difficilis in 100 plots in a Seasonal Semideciduous Tropical Forest for the 





Figure 5. Relationship between population growth rate (λ) of the liana Mansoa 
difficilis in the periods of 2012-2013 and 2013-2014 and (a) canopy openness, (b) 





Table A1. Akaike information criterion (AIC) model selection to fate of each life stage 
of the liana Mansoa difficilis and environmental set of variables in each plot in the 
periods of 2012-2013 and 2013-2014. The lowest values of AIC are in bold. 
Stage Model ID Model algorithm df AIC 
(a) 2012-2013 
    
Upstanding U01a 




U02a fate ~ nutrients 12 119.4 
 
U03a fate ~ water related 24 122.6 
 
U04a fate ~ light availability 6 118.2 
 
U05a fate ~ tree community 12 118.4 
 
U06a fate ~ nutrients + water related + light availability 36 132.2 
 
U07a fate ~ nutrients + water related + tree community 42 128.7 
 
U08a fate ~ nutrients + water related 33 127.0 
 
U09a fate ~ nutrients + light availability 15 124.9 
 
U10a fate ~ nutrients + tree community 21 118.1 
 
U11a 




U12a fate ~ water related + light availability 27 128.0 
 
U13a fate ~ water related + tree community 33 130.8 
 
U14a fate ~ light availability + tree community 15 124.3 
     
Searcher S01a 




S02a fate ~ nutrients 12 121.2 
 
S03a fate ~ water related 24 131.7 
 
S04a fate ~ light availability 6 125.6 
 
S05a fate ~ tree community 12 131.1 
 
S06a fate ~ nutrients + water related + light availability 36 144.7 
 
S07a fate ~ nutrients + water related + tree community 42 157.7 
 
S08a fate ~ nutrients + water related 33 140.5 
 
S09a fate ~ nutrients + light availability 15 126.2 
 
S10a fate ~ nutrients + tree community 21 129.1 
 
S11a 




S12a fate ~ water related + light availability 27 135.8 
 
S13a fate ~ water related + tree community 33 141.2 
 
S14a fate ~ light availability + tree community 15 133.9 
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Small climber SC01a 




SC02a fate ~ nutrients 16 428.6 
 
SC03a fate ~ water related 32 433.0 
 
SC04a fate ~ light availability 8 416.9 
 
SC05a fate ~ tree community 16 421.8 
 
SC06a fate ~ nutrients + water related + light availability 48 438.7 
 
SC07a fate ~ nutrients + water related + tree community 56 448.1 
 
SC08a fate ~ nutrients + water related 44 448.3 
 
SC09a fate ~ nutrients + light availability 20 423.5 
 
SC10a fate ~ nutrients + tree community 28 432.2 
 
SC11a 




SC12a fate ~ water related + light availability 36 427.7 
 
SC13a fate ~ water related + tree community 44 434.5 
 
SC14a fate ~ light availability + tree community 20 416.6 
     
Large climber LC01a 




LC02a fate ~ nutrients 8 269.7 
 
LC03a fate ~ water related 16 271.5 
 
LC04a fate ~ light availability 4 264.2 
 
LC05a fate ~ tree community 8 250.8 
 
LC06a fate ~ nutrients + water related + light availability 24 267.3 
 
LC07a fate ~ nutrients + water related + tree community 28 261.2 
 
LC08a fate ~ nutrients + water related 22 272.3 
 
LC09a fate ~ nutrients + light availability 10 266.8 
 
LC10a fate ~ nutrients + tree community 14 251.5 
 
LC11a 




LC12a fate ~ water related + light availability 18 269.7 
 
LC13a fate ~ water related + tree community 22 263.4 
 
LC14a fate ~ light availability + tree community 10 252.4 
     
(b) 2013-2014 
    
Upstanding U01b 




U02b fate ~ nutrients 8 106.2 
 




U04b fate ~ light availability 4 107.1 
 
U05b fate ~ tree community 8 105.8 
 
U06b fate ~ nutrients + water related + light availability 24 124.5 
 
U07b fate ~ nutrients + water related + tree community 28 125.8 
 
U08b fate ~ nutrients + water related 22 121.6 
 
U09b fate ~ nutrients + light availability 10 107.7 
 
U10b fate ~ nutrients + tree community 14 108.3 
 
U11b 




U12b fate ~ water related + light availability 18 122.0 
 
U13b fate ~ water related + tree community 22 121.7 
 
U14b fate ~ light availability + tree community 10 109.7 
     
Searcher S01b 




S02b fate ~ nutrients 8 58.5 
 
S03b fate ~ water related 16 55.2 
 
S04b fate ~ light availability 4 60.2 
 
S05b fate ~ tree community 8 66.6 
 
S06b fate ~ nutrients + water related + light availability 24 64.1 
 
S07b fate ~ nutrients + water related + tree community 28 72.1 
 
S08b fate ~ nutrients + water related 22 64.2 
 
S09b fate ~ nutrients + light availability 10 57.3 
 
S10b fate ~ nutrients + tree community 14 64.9 
 
S11b 




S12b fate ~ water related + light availability 18 63.1 
 
S13b fate ~ water related + tree community 22 70.2 
 
S14b fate ~ light availability + tree community 10 68.4 
     
Small climber SC01b 




SC02b fate ~ nutrients 12 278.0 
 
SC03b fate ~ water related 24 287.1 
 
SC04b fate ~ light availability 6 270.5 
 
SC05b fate ~ tree community 12 274.6 
 
SC06b fate ~ nutrients + water related + light availability 36 298.4 
 
SC07b fate ~ nutrients + water related + tree community 42 303.7 
 
SC08b fate ~ nutrients + water related 33 293.3 
 




SC10b fate ~ nutrients + tree community 21 286.7 
 
SC11b 




SC12b fate ~ water related + light availability 27 291.8 
 
SC13b fate ~ water related + tree community 33 292.8 
 
SC14b fate ~ light availability + tree community 15 280.0 
     
Large climber LC01b 




LC02b fate ~ nutrients 12 134.1 
 
LC03b fate ~ water related 24 146.0 
 
LC04b fate ~ light availability 6 133.3 
 
LC05b fate ~ tree community 12 135.4 
 
LC06b fate ~ nutrients + water related + light availability 36 160.3 
 
LC07b fate ~ nutrients + water related + tree community 42 162.5 
 
LC08b fate ~ nutrients + water related 33 156.2 
 
LC09b fate ~ nutrients + light availability 15 140.1 
 
LC10b fate ~ nutrients + tree community 21 137.5 
 
LC11b 




LC12b fate ~ water related + light availability 27 152.2 
 
LC13b fate ~ water related + tree community 33 151.8 
 
LC14b fate ~ light availability + tree community 15 138.7 
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Table A2. Coefficients, standard error (SE) and P-values (Wald test) from multinomial logistic regressions of the environmental 
filters influencing the fate probabilities of each life stage of the liana Mansoa difficilis in the periods of 2012-2013 and 2013-2014. 




  Death  
Growth to the next 
directly stage 
 
Growth to the second 
directly stage 
 
Shrink to the stage 
directly before 
 
Shrink to the second 
directly stage before 
    Coef SE P   Coef SE P   Coef SE P   Coef SE P   Coef SE P 
2012-2013 
                    (a) Upstanding 
                    Model U10a 
                    Intercept 
 
3.37 0.10 0.00 
 
4.52 0.02 0.00 
 
3.60 0.02 0.00 
 
- - - 
 
- - - 
P 
 
-0.12 0.14 0.41 
 
0.36 0.29 0.21 
 
-0.31 0.21 0.14 
 
- - - 
 
- - - 
K 
 
1.13 0.53 0.03 
 
0.05 0.89 0.96 
 
1.65 0.85 0.05 
 
- - - 
 
- - - 
Ca 
 
0.01 0.01 0.48 
 
-0.09 0.05 0.05 
 
0.02 0.01 0.15 
 
- - - 
 
- - - 
Tree biomass 
 
0.00 0.00 0.26 
 
0.00 0.00 0.09 
 
0.00 0.00 0.69 
 
- - - 
 
- - - 
Trees per plot 
 
-0.45 0.14 0.00 
 
-0.48 0.19 0.01 
 
-0.26 0.15 0.08 
 
- - - 
 
- - - 
Max canopy height 
 
0.01 0.10 0.89 
 
0.15 0.14 0.28 
 
-0.21 0.17 0.21 
 
- - - 
 
- - - 
(b) Searcher 
         
 
          Model S02a 
         
 
          Intercept 
 
-2.26 1.93 0.24 
 
-3.97 3.25 0.22 
 
- - - 
 
16.43 11.85 0.17 
 
- - - 
P 
 
-0.03 0.11 0.76 
 
-0.02 0.18 0.93 
 
- - - 
 
-0.68 0.45 0.13 
 
- - - 
K 
 
0.32 0.24 0.18 
 
0.39 0.34 0.24 
 
- - - 
 
-2.96 2.03 0.15 
 
- - - 
Ca 
 
0.01 0.01 0.23 
 
0.01 0.02 0.70 
 
- - - 
 
0.08 0.05 0.15 
 
- - - 
(c) Small climber 
 
        
 





                   Intercept 
 
-1.40 0.02 0.00 
 
-0.03 0.00 0.00 
 
- - - 
 
1.44 0.00 0.00 
 
-5.25 0.00 0.00 
Canopy openness 
 
0.39 0.27 0.14 
 
-6.86 0.00 0.00 
 
- - - 
 
-12.22 0.00 0.00 
 
-1.59 0.00 0.00 
Tree biomass 
 
0.00 0.00 0.49 
 
0.00 0.00 0.02 
 
- - - 
 
0.00 0.00 0.84 
 
0.00 0.00 0.02 
Trees per plot 
 
-0.05 0.05 0.33 
 
-0.08 0.03 0.02 
 
- - - 
 
-0.28 0.11 0.01 
 
-4.24 0.00 0.00 
Maximum canopy 
height  -0.02 0.04 0.57 
 
-0.04 0.03 0.19 
 
- - - 
 
-0.11 0.10 0.27 
 
1.70 0.00 0.00 
(d) Large climber 
      
 
             Model LC05a 
      
 
             Intercept 
 
0.25 0.00 0.00 
 
- - - 
 
- - - 
 
-3.34 0.00 0.00 
 
- - - 
Tree biomass 
 
0.00 0.00 0.02 
 
- - - 
 
- - - 
 
0.00 0.00 0.16 
 
- - - 
Trees per plot 
 
-0.18 0.08 0.02 
 
- - - 
 
- - - 
 
-0.01 0.05 0.80 
 
- - - 
Maximum canopy 




- - - 
 
- - - 
 
0.12 0.04 0.00 
 




                 2013-2014 
 
                   (a) Seedling 
 
                   Model U05b 
                    Intercept 
 
2.01 0.00 0.00 
 
-48.04 0.00 0.00 
 
- - - 
 
- - - 
 
- - - 
Tree biomass 
 
0.00 0.00 0.34 
 
0.00 0.00 0.44 
 
- - - 
 
- - - 
 
- - - 
Trees per plot 
 
-0.15 0.05 0.00 
 
0.03 0.03 0.24 
 
- - - 
 
- - - 
 






2.03 0.04 0.00 
 
- - - 
 
- - - 
 
- - - 
(b) Searcher 
                    Model S03b 
                    Intercept 
 
-5.30 2.81 0.06 
 
46.13 0.02 0.00 
 
- - - 
 
- - - 
 





-30.01 7.13 0.00 
 
13.80 0.00 0.00 
 
- - - 
 
- - - 
 
- - - 
Silt 
 
-14.41 4.30 0.00 
 
-80.78 0.02 0.00 
 
- - - 
 
- - - 
 
- - - 
Organic matter 
 
-0.01 0.05 0.80 
 
-1.97 0.33 0.00 
 
- - - 
 
- - - 
 
- - - 
Fine sand 
 
34.64 3.89 0.00 
 
-46.50 0.02 0.00 
 
- - - 
 
- - - 
 
- - - 
Available water in the 
ground  -203.39 0.88 0.00 
 
-16.42 0.01 0.00 
 
- - - 
 
- - - 
 
- - - 
River distance 
 
0.01 0.01 0.33 
 
-0.22 0.06 0.00 
 
- - - 
 
- - - 
 
- - - 
Soil depth 
 
172.59 0.43 0.00 
 
8.59 0.00 0.00 
 
- - - 
 
- - - 
 
- - - 
(c) Small climber 
 
                   Model SC04b 
 
                   Intercept 
 
-1.77 0.38 0.00 
 
-4.85 1.26 0.00 
 
- - - 
 
-4.17 0.75 0.00 
 
- - - 
Canopy openness 
 
-0.24 0.97 0.80 
 
0.61 2.68 0.82 
 
- - - 
 
1.19 1.38 0.39 
 
- - - 
(d) Large climber 
 
                   Model LC04b 
 
                   Intercept 
 
-3.44 0.81 0.00 
 
- - - 
 
- - - 
 
-5.09 1.74 0.00 
 
-1.19 2.57 0.64 




Figure A1. Transition matrices for the species Mansoa difficilis in the periods of 2012-





Figure A2. Correlation between population growth rate (λ) of Mansoa difficilis in the 
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ABSTRACT  
Plant spatial pattern is a key question to understand processes and mechanisms 
driving the success of populations. Although lianas are one of the most important 
components in tropical forests, little is known about their spatial distribution. Here, 
our goal was to investigate the hypothesis that the spatial distribution of different life 
stages of a common liana species is related to environmental variables. We collected 
the data in 100 plots of 10 × 10-m each in a fragment of tropical Seasonal 
Semideciduous Forest. We used Spatial Analysis by Distance Indices (SADIE) to 
investigate the spatial pattern of the liana‘s four life stages: upstanding, searcher, 
small climber (in the understory) and large climber (in the canopy). We used bivariate 
SADIE to study whether there was association between subsequent life stages. We 
applied Akaike information criterion on ordinary least squares (OLS) to assess the 
influence of space and environmental factors (PCA axes of soil variables, canopy 
openness, tree above ground biomass, number of trees per plot, soil depth and water 
content availability) on the distribution of the life stages. All life stages were randomly 
distributed, and subsequent stages were not associated. The three first life stages 
were influenced by space component. Searchers were more abundant in areas with 
45 
 
greater canopy openness and less abundant in sites with greater tree density. Small 
climbers were related to soil variables, and the abundance of large climbers was 
higher in sites with deeper soil. Our results indicate change in the relation with 
environment during lifespan, and for the first time we show how stochastic and 
deterministic processes act on different life stages of a liana species. 
KEYWORDS: deterministic processes, spatial pattern, stochasticity, tropical forest, 






 Lianas are woody climbers that germinate on the ground and remain rooted 
during lifespan, grow up independently in the beginning of life, but then start to climb 
host-plants as a strategy to achieve the forest canopy (Putz 1990, Schnitzer & 
Bongers 2002, Gerwing 2004). Up to 40% of woody stems and about 25% of plant 
species in tropical forests are lianas (Schnitzer & Bongers 2011, van der Heijden et 
al. 2015).They are important components in tropical forests influencing forest 
structure, dynamics (Schnitzer & Bongers 2002) and functional diversity (Chave et al. 
2001). The abundance of lianas in the Neotropics have increased consistently during 
the last 40 years (Phillips et al. 2002), which is one of the most important structural 
changes in tropical forests (Schnitzer & Bongers 2011). This change impacts directly 
the carbon dynamics, reducing the carbon accumulations and storage in the Tropics 
(Schnitzer et al. 2014, van der Heijden et al. 2015). In spite of their ecological 
importance, the processes and factors driving the distribution of lianas in tropical 
forests are still not well known, and only a few studies have reported how lianas 
relate to the environment in Amazon forest (e.g., Nabe-Nielsen 2002, Nabe-Nielsen 
& Hall 2002, Franci et al. 2016). We still know nothing on spatial distribution of liana 
populations in the Atlantic forest, the second largest forest in South America (Ribeiro 
et al. 2009).  
 The spatial distribution of individuals is a key question in Ecology in order to 
know the mechanisms that drive the spatial distribution of individuals and how a 
population uses the resources available (Condit et al. 2000). Many biotic and abiotic 
factors and chance act simultaneously influencing the spatial pattern of a population 
(Bell 2001, Chase 2003, Urich 2004, Ejrnæs et al. 2006, Chase 2007, Götzenberger 
et al. 2011). The distribution of environmental variables is one of the most important 
factors that determine the equilibrium of communities (Gravel et al. 2006), and, 
consequently, the distribution of individuals within a population. Therefore, in tropical 
forests, woody plants, including lianas, are usually found to be non-randomly 
distributed (Plotkin et al. 2002). Stochastic and deterministic factors – as neutral and 
niche theory, respectively – can influence the distribution of individuals. Neutral 
theory (Hubbell 2001) states that every individual has the same probability of giving 
birth, dying and dispersing. According to this theory, the main limiting factor is the 
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dispersal ability (Bell 2001, Urich 2004, Chase 2007). On the other hand, the niche 
theory (Chesson 2000, Tilman 2004, Levine & HilleRisLambers 2009) assumes that 
the environment is the main limiting factor for the spatial distribution of tropical plants, 
restricting its occurrence (Russo et al. 2005). Because each species occupies one 
different niche, species requiring similar resources cannot coexist. In the same way, 
within a population, if the life stages occupy the same niche, subsequent stages 
cannot co-occur. 
 Niche processes seem to be more important in early life stages (Dalling et al. 
2001), and during lifespan niche shifts can occur (Dalling et al. 2001, Comita et al. 
2007). Both biotic and abiotic factors can influence the spatial distribution of lianas in 
early life, which do not depend on a host-plant (Nesheim & Økland 2007). For 
climbing individuals, the presence of an adequate host-plant seems to be more 
important than abiotic factors (Nesheim & Økland 2007, van der Heijden et al. 2008). 
Therefore, the spatial pattern of lianas can change during lifespan. There is no work 
attempting to demonstrate how stochastic and deterministic processes influence a 
liana species during lifespan. 
Our goal was to investigate whether the spatial distribution of the abundant 
and widely distributed liana Mansoa difficilis (Cham.) Bureau & K. Schum. 
(Bignoniaceae) relates to the environmental variation in a fragment of Atlantic 
Seasonal Semideciduous Forest. We tested the general hypothesis that each life 
stage is more abundant in determined sites in which the environmental conditions are 
more suitable to its occurrence. Our specific hypotheses were: (1) Lianas are 
spatially aggregated, and aggregation decreases in later life stages. (2) Lianas in the 
life stage in which the individuals are either upstanding or climbing in the understory 
are more abundant in locals with short and thin trees. (3) Lianas searching for a 
support are more abundant in locals with low abundance of trees. (4) Larger lianas 
climbing in the canopy are more abundant in locals with larger trees. (5) Lianas not 
climbing a host tree have density related to abiotic factors such as soil nutrients and 
canopy openness – the larger the canopy openness, the higher the number of 






 The study was conducted in the Ribeirão Cachoeira Forest (22°50‘ S, 46°55‘ 
W), a 245-ha fragment of Tropical Seasonal Semideciduous Forest in an 
Environmental Protection Area in Campinas municipality, SE Brazil. In the east-west 
direction the fragment is crossed by the Cachoeira stream, hence the fragment‘s 
name. The regional climate is subtropical humid, with rainy summers and dry winters 
(Cwa, Peel et al. 2007). From October to March (the rainy season), rainfall averages 
1020 mm, and average temperature is 24 ºC. From April to September (the dry 
season), rainfall averages 344 mm, and average temperature is 20 ºC (data from 
2004 to 2014, CIIAGRO 2015 – available at 
http://www.ciiagro.sp.gov.br/climasp.html). 
 We collected the data in 100 randomly selected plots of 10 × 10-m each (for 
more details, see Cielo-Filho et al. 2007), distributed on the left margin of the 
Cachoeira stream. The altitude in the sampling site varies between 630 m and 760 m 
asl. The soil in the sample area forms a catena along the slope, with Lepstol in the 
upper portion and Acrisol (FAO‘s classification) in the lower portion (Franci et al. 
2015). 
Species studied 
 Mansoa difficilis (Cham.) Bureau & K. Schum. (Bignoniaceae) is a widely 
distributed Neotropical liana species, occurring from the north of South America, in 
the Amazon Forest, to the south, in the Atlantic Forest. It has been described to 
occur in Bolivia, Paraguay, Argentina, and Brazil (Lohmann & Taylor 2014). In 
Ribeirão Cachoeira, the species is the second most abundant liana, accounting for 
20% of all lianas with diameter ≥ 1 cm at 1.3 m from the rooting point (van Melis 
2013). The species is pollinated by bees (Scudeller et al. 2008), flowers only when 
reaches the canopy (personal observation) and does not reproduce every year 
(Garcia et al. 2014). Besides its ecological importance, the species is largely used as 
an ornamental plant in Brazil. 
Data sampling 
 We sampled all individuals of M. difficilis in each plot, and classified the plants 
into four life stages: upstanding, searcher (individual creeping on the ground), small 
climber (individual climbing a tree up to 10 m high, i.e. in the understory), and large 
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climber (individuals climbing a tree higher than 10 m, i.e., in the canopy). We applied 
this classification because becoming a climber is a key phase in the life history of a 
liana and can improve the liana fitness (Gianoli 2015). Plants with independent roots 
were considered as separate individuals (Schnitzer et al. 2006). Plants sharing roots 
were treated as a single branched individual; in this case the biggest branch was 
sampled. 
 In each plot, we collected a soil sample of 500 g using an auger, from which 
organic matter, pH, P, K, Ca, Mg, potential acidity, cation exchange capacity, sum of 
bases, base saturation, silt, clay, and coarse, fine and total sand were measured. 
Soil depth was measured with an auger in three points within each plot. In each plot, 
we collected a soil sample with a volumetric ring (50 mL) for evaluating the content of 
available water. The soil analyses and the construction of the water retention curves 
were performed by the Instituto Agronômico de Campinas (Camargo et al. 2009). We 
estimated the canopy openness index in the center of each plot using a spherical 
convex densitometer at breast height (Lemmon 1956). We measured the height and 
diameter at breast height (DBH) for all trees with DBH ≥5 cm in each plot. 
Data analyses 
Spatial pattern 
 We used used Spatial Analysis by Distance Indices (SADIE) (Perry 1998) to 
characterize the spatial pattern of the different life stages, which is an adequate 
method for analyzing spatial distribution of count data (Perry 1998). SADIE identifies 
clusters in the form of patches (relatively high counts) and gaps (relatively low 
counts) (Perry et al. 1999). The analysis measures the minimum effort (Dmin, or 
minimum distance) necessary for individuals to move to a complete regular 
distribution. The division of the observed Dmin by the mean Dmin calculated from 
permutations of counts among sample units results in the aggregation index Ia, which 
indicates the aggregation degree. Values of Ia = 1 or lack of significance indicate 
randomly arranged counts; values of Ia  >1 or <1 indicate aggregation or repulsion of 
the counts, respectively. To better describe the distribution of counts, we can classify 
each sampling unit as a patch (vi) or a gap (vj). Values of vi >1.5 indicate it is a patch, 
whereas vj <-1.5 indicates it is a gap. Values of vi and vj close to 1 indicate randomly 
distributed counts. The spatial pattern of the population is given by the balance 
between values of vi and vj (Perry et al. 1999). We used non-parametric method in all 
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analyses and performed SADIE with the software SADIEShell 2.0 (Conrad, 2008, 
available at http://home.cogeco.ca/~sadiespatial/index.html). 
Spatial association between subsequent life classes 
 We used the bivariate SADIE to determine whether subsequent life classes of 
M. difficilis were spatially associated. This analysis calculates the local association 
measure (X), which compares the vi of one life class to the vi of the subsequent life 
class in each plot. The same is done to vj. Values of X vary from 1 to -1, indicating, 
respectively, complete spatial association and complete spatial dissociation; values 
equal to zero indicate spatial independence between classes (Winder et al. 2001). 
We performed this analysis with the software SADIEShell 2.0 (Conrad, 2008, 
available at http://home.cogeco.ca/~sadiespatial/index.html). 
Relation between the distribution of individuals and environmental variables 
 The influence of environmental variables on the distribution of life classes was 
tested with model selection applying Akaike information criterion (AIC) on linear 
regression models. First, we used pairwise plot and Spearman correlation to remove 
collinearity between the variables Al, P, Ca, Mg, K, organic matter content, pH, 
potential acidity, cation exchange capacity, sum of bases, base saturation, coarse 
sand, fine sand, total sand, available water content, soil depth, canopy openness 
(transformed to arcsine of the square root), above ground biomass (AGB), number of 
trees per plot and maximum canopy height. Whenever two variables had r > 0.7, only 
the most biologically meaningful one was retained. In the models we used P, K, Ca, 
clay, silt, fine sand, organic matter, available water content, soil depth, canopy 
openness, AGB, number of trees per plot and maximum canopy height. The soil 
variables P, K, Ca, clay, silt, fine sand and organic matter were summarized as the 
first axis of a Principal Component Analysis (PCA). We calculated the AGB according 
to Chave et al. (2005) 
AGB = exp(-2.977 + ln(ρD²H)) 
where ρ is tree woody density (g.cm-3), D is the diameter at breast height (cm) and H 
is the height (m). We used the mean ρ for Atlantic Forest, 0.701 g cm-3 (Chave et al. 
2006). We performed the pairwise, Spearman correlation and PCA in R (R 
Development Core Team). 
 We performed ordinary least square multiple regression (OLS) between the 
density of individuals in each life stage and environmental factors and tested whether 
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the residuals were autocorrelated using Moran‘s I coefficient (Legendre & Fortin 
1989). Because of the lack of independence among the distance classes, we tested 
the global significance of each correlogram with Bonferroni-corrected significance 
level (Legendre & Legendre 1998). Whenever there were autocorrelation in the 
residuals, we selected spatial filters to eliminate the spatial structure (Diniz-Filho & 
Bini 2005). To do this, we used spatial eigenvector mapping (SEVM), which extracts 
eigenvectors (i.e., spatial filters) from a connectivity matrix expressing the spatial 
relationship among sampling units (Borcard & Legendre 2002, Diniz-Filho & Bini 
2005). The spatial filters selected were included as covariate in the models with the 
environmental variables. We selected the best model using AIC (Diniz-Filho et al. 
2008). Finally, we performed an OLS and partial regression with the variables 
selected in the best model according to AIC. We performed OLS, Moran‘s I, SEVM 
and partial regression with the software SAM 4.0 (Spatial Analysis in Macroecology, 
available at http://www.ecoevol.ufg.br/sam/). 
 
RESULTS 
Spatial pattern and spatial association between life stages 
 We found 659 individuals of M. difficilis distributed in 97 plots out of the 100 
sampled plots. There were 44 upstanding individuals, 54 searchers, 275 small 
climbers and 286 large climbers. All the life stages were randomly distributed in the 
study site (Table 1 and Figure 1). There was no association or dissociation between 
subsequent life classes (Table 2).  
Environmental variables and the distribution of individuals in each life stage 
 The residuals of upstanding, searchers and small climbers were 
autocorrelated, and we included spatial filters in the models. Small climbers had the 
best adjustment (R² = 0.335, P <0.05), followed by upstanding (R² = 0.319, P <0.05), 
searchers (R² = 0.246, P <0.05) and large climber (R² = 0.063, P <0.05) (Table 3). 
 The distribution of upstanding, searchers and small climber was mainly 
influenced by the unaccounted variables and spatial filters. None of the variable 
tested was significant in the selected model for upstanding. The small fraction of the 
distribution of searchers explained by the environmental variables was positively 
related to canopy openness and negatively related to the number of trees per plot (P 
<0.05). For small climbers the set of environmental data explained the distribution 
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better than the set of spatial filters. Most of the variables present in the set of 
environmental variables that explained the distribution of small climbers were not 
significant, only the soil variables explained their distribution (P <0.05). The 
distribution of large climbers was explained only by environmental variables, and was 
weakly positively related to soil depth (P = 0.053) (Table 4). 
 
DISCUSSION 
 Although tropical lianas are frequently described as non-randomly distributed 
(e.g., Nabe-Nielsen 2001, Ibarra-Manríquez & Martínez-Ramos 2002, Nesheim & 
Økland 2007, Blick & Burns 2011, Schnitzer et al. 2012), the Neotropical liana 
Mansoa difficilis was randomly distributed in the studied area, and its distribution was 
influenced by some environmental factors in most stages of life. As far as we are 
aware, this is the first work demonstrating how stochastic and deterministic 
processes can influence the spatial distribution of a population of liana in the 
Neotropics. 
 Contrary to our hypothesis (1) that individuals were aggregated in space, all 
life stages were randomly distributed. The random distribution suggests the presence 
of many suitable sites for establishment in all life stages. Each life stage had 
association with different environmental factors, indicating that, although there were 
many suitable places, the individuals only established in favorable microsites. Once 
environmental favorability is not constant on fine scale (Terborgh 1973), the 
individuals were able to establish and grow in any region of the studied area.  
In each life stage, lianas have different relationship with environment (Nabe-
Nielsen & Hall 2002, Gerwing 2004). Lianas in early life stage are expected to be 
associated with environmental factors (Nesheim & Økland 2007), but contrary to our 
hypotheses (2 and 5), for the studied species the unaccounted variables and the 
spatial filters explained better the distribution of upstanding individuals. Plants 
searching for a host tree were more abundant in areas with greater canopy 
openness, according to our hypothesis (5). However, contrary to our expectation 
(hypothesis 3), these plants were not influenced by the number of trees in the plot, 
although tree density was kept in the best adjusted model. Small climbers were 
influenced by soil variables, in disagreement to our hypothesis (2) that climbers in the 
understory would be influenced by the size of trees. Indeed, liana abundance is 
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commonly described to be related to soil properties (Senbeta et al. 2005, DeWalt et 
al. 2006, Addo-Fordjour & Rahmad 2015). Supporting our hypothesis (6), the large 
climbers were more abundant in areas with deeper soil (marginally significant), but 
contrary to our hypothesis (4) the large climbers were not related to canopy height. 
Our findings indicate that lianas independent from a host plant have their 
distribution better explained by neutral theory, but the distribution of climbing 
individuals is better explained by niche theory. The lack of association between 
subsequent life stages indicates no dispersal limitation for this liana species, contrary 
to the assumptions of the neutral theory (Hubbell 2001). However, a great fraction of 
the distribution of all stages, except for large climbers, is influenced by spatial filters, 
in accordance with the neutral theory (Hubbell 2001). The random distribution and 
lack of association of subsequent life stages may indicate self-thinning, i.e., the 
presence of intraspecific competition (Murrell 2009). The population growth rate of M. 
difficilis varies in space (unpublished data), i.e., mortality and growth rates are not the 
same in the whole forest, indicating that self-thinning is possibly an important process 
for this population. Since each life stage requires different environmental conditions 
to establish, a lack of association between subsequent stages is to be expected. This 
indicates that niche theory (Chesson 2000, Tilman 2004, Levine & HilleRisLambers 
2009) also explains the distribution of this liana species. Our results support that both 
neutral and niche theories can help to explain the distribution of the liana M. difficilis 
in different life stages. 
In plant communities, stochastic and deterministic processes can occur 
simultaneously (Weiher & Keddy 1995), and niche and neutral theories can be 
described as a continuum from competition to stochastic exclusion (Gravel et al. 
2006). Self-thinning explains the lack of association between life stages of the liana 
that we studied and indicates competition between subsequent life stages (Zhu et al. 
2013). The action of stochastic and deterministic processes, including self-thinning, 
seems to explain the spatial distribution of M. difficilis. Our study suggests that a set 
of stochastic and deterministic ecological processes determine the distribution of an 





Table 1. Spatial pattern of life stages of the liana species Mansoa difficilis. Ia = 
aggregation index; vi = patches; vj = gaps; N = number of individuals. 
Life class Ia P Ia vj P vj vi P vi N 
Upstanding 0.891 0.704 0.885 0.731 0.960 0.533 44 
Searcher 1.074 0.282 -1.058 0.321 1.073 0.286 54 
Small climber 0.868 0.764 -0.849 0.813 0.926 0.606 275 





Table 2. Spatial association between subsequent life stages of the liana species 
Mansoa difficilis. Local association measure (X) values vary from -1 to 1, indicating, 
respectively, complete spatial dissociation and complete spatial association; non-
significance or values equal to zero indicate spatial independence between stages. 
Significance levels for association and dissociation are, respectively, P < 0.025 and P 
> 0.975. 
Pair X P 
Upstanding - searcher -0.125 0.885 
Searcher - small climber 0.170 0.048 
Small climber - large climber 0.086 0.208 




Table 3. Variation partitioning of the spatial distribution of each life stage of the liana 










Upstanding 0.011 0.314 0.681 0.319 
Searcher 0.080 0.128 0.754 0.246 
Small climber 0.160 0.141 0.665 0.335 
Large climber - - - 0.063 
57 
 
Table 4. Nonstandard coefficients of explanatory variables included in minimum 
adequate models for the spatial distribution of four life stages of the liana species 
Mansoa difficilis. 
Life class Explanatory variables Coefficients t P 
Upstanding Soil PCA axis 0.194 1.205 0.231 
 
Spatial filter a 3.860 4.927 <0.001 
 
Spatial filter b 1.886 2.388 0.019 
 
Spatial filter c 1.712 2.171 0.032 
 
Spatial filter d -2.299 -2.828 0.006 
Searcher Canopy openness 1.029 2.240 0.027 
 
Number of trees per plot -0.036 -1.888 0.062 
 
Spatial filter e -2.934 -3.524 <0.001 
 
Spatial filter f 1.712 1.972 0.052 
Small climber Canopy openness 1.842 1.409 0.162 
 
Above ground biomass <0.001 -1.640 0.104 
 
Number of trees per plot -0.084 -1.595 0.114 
 
Soil PCA axis 1.310 2.897 0.005 
 
Spatial filter g -5.602 -2.445 0.016 
 
Spatial filter h 5.986 2.616 0.010 
 
Spatial filter i -5.730 -2.445 0.016 
Large climber Available water content 39.381 1.584 0.117 




Figure 1. Relief surface maps showing the density of individuals of the liana species 
Mansoa difficilis belonging to the life stages (a) upstanding, (b) searcher, (c) small 
climber and (d) large climber. White to red means low to high density of individuals. 





CAPÍTULO 3: The demography of a dominant Amazon liana species exhibits 
little environmental sensitivity 
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Abstract 
Despite its high plant diversity, the Amazon forest is dominated by a limited number 
of highly abundant, oligarchic tree and liana species. The high diversity can be 
related to specific habitat requirements in many of the less common species, but 
fewer studies have investigated the characteristics of the dominant species. To test 
how environmental variation may contribute to the success of dominant species we 
investigated whether the vital rates of the abundant liana Machaerium cuspidatum is 
sensitive to canopy height, topographic steepness, vegetation density, soil 
components and floristic composition across an Ecuadorian Amazon forest. The 
population was inventoried in 1998 and in 2009. Plants were divided into seedling-
sized individuals, non-climbers and climbers. Out of 448 seedling-sized plants 421 
died, 539 of 732 non-climbers died, and 107 of 198 climbers died. There was weak 
positive effect of dense understorey on the relative growth rate of climbers. The 
mortality of seedling-sized plants was higher in areas with intermediate slope, but for 
larger plants mortality was not related to environmental variation. The limited 
sensitivity of the vital rates to environmental gradients in the area suggests that 
ecological generalism contributes to the success of this dominant Amazonian liana. 
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Key-words: ecological generalism, liana, mortality, relative growth rate, tropical rain 
forest, woody climbers 
 
Lianas – woody climbers – are great competitors, affecting tree survival and growth 
(Tobin et al. 2012) as well as forest structure (Schnitzer & Bongers 2002). The 
abundance of lianas is reported to have been increasing in the Amazon forest over 
the last 20 y (Laurance et al. 2014), which may have a global impact due to lower 
carbon uptake capacities in tropical forests with high liana densities (Schnitzer et al. 
2014). 
In the Amazon forest, a limited number of liana (Burnham 2002) and tree 
species  (Pitman et al. 2001, Macía & Svenning 2005, ter Steege et al. 2013) 
dominate the plant communities. Most of the dominant tree species are widely 
distributed, but dominant only in a few places (ter Steege et al. 2013). The 
dominance of few widely distributed species characterizes the oligarchy hypothesis 
(Pitman et al. 2001). High local diversity of plants is often related to local habitat 
variability, with most species occurring in some parts of the forest. Many species are 
associated with a particular kind of topography, which is often associated with 
particular edaphic conditions, forest structure and dynamics (Svenning 1999, John et 
al. 2007, Queenborough et al. 2007, Baldeck et al. 2013). Most of the dominant tree 
species in the Amazon have, in contrast, been characterized as generalists (Pitman 
et al. 2001, Duque et al. 2003), occurring on a range of soil types and topographic 
positions (Pitman et al. 2001). Not only can the distribution of trees be related to 
environmental factors, but also their vital rates. In the Amazon, tree mortality can be 
related to soil factors (Phillips et al. 2004) and water availability (Phillips et al. 2009). 
Although the density of lianas has increased in the Amazon forest in the last 30 y 
(Phillips et al. 2002), there is no work demonstrating how the vital rates of dominant 
liana species relate to environmental heterogeneity. 
 Our aim was to investigate how sensitive the vital rates of a dominant 
Amazonian liana species are to environmental variation using a long-term study. We 
tested the influence of environmental variation (maximum canopy height, understorey 
density, floristic composition, soil components and topographic steepness) on the 
relative growth rate (RGR) and mortality of the liana Machaerium cuspidatum Kuhlm. 
& Hoehne (Fabaceae) over an 11-y period at Yasuní National Park, Ecuador. As 
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palms and their relation with the environment are well known in the Amazon forest 
(Svenning 1999, Svenning 2002, Svenning et al. 2009, Kristiansen et al. 2012), we 
used the palm species composition (Vormisto et al. 2000) as a proxy for general 
floristic variation and related environmental drivers. 
The study site in the Yasuní National Park in Amazonian Ecuador (00°40′S, 
76°23′W) is located in an old-growth tropical moist forest with little annual variation in 
precipitation and temperature (Nabe-Nielsen 2001) and with relatively small natural 
gaps (Svenning 1999). Floodplain, terra firme and swamp are the three local major 
habitats (Svenning 1999). The forest has a high diversity and low density of lianas 
(Nabe-Nielsen 2001). The soil is acidic and silt is prominent (Tuomisto et al. 2003). 
The average yearly precipitation is 2255 mm, and the average temperature is 24.7ºC 
(data from 1995 to 2009 – Estación Científica Yasuní, http://www.yasuni.ec/). 
Machaerium cuspidatum is a shade-tolerant liana (Nabe-Nielsen 2004) that is 
abundant and widely distributed in the Amazonian rain forest of Colombia, Peru, 
Bolivia, Brazil and Ecuador (Lozano & Klitgaard 2006). It is one of the most abundant 
liana species in the Yasuní National Park, eastern Ecuador (Burnham 2002, Nabe-
Nielsen 2002, Burnham & Romero‐Saltos 2015). The individuals of M. cuspidatum 
with diameter ≥ 1 cm in Yasuní National Park are more abundant in low-canopy and 
dense-understorey areas (Nabe-Nielsen & Hall 2002). The population growth rate is 
most influenced by survival of large individuals and relatively insensitive to 
recruitment due to low survival rate of seedlings (Nabe-Nielsen 2004). 
 All individuals of M. cuspidatum in seven 20 × 250-m transects in a terra firme 
area were censused in 1998 and re-censused in 2009 (1378 individuals in total). 
Three transects were located in terra firme areas close to the Tiputini river and four 
transects were far from the river, approx. 8 km further west. In both years, the 
diameter of each individual was measured with a calliper at the first point above the 
roots where the stem was regular, which was painted to assure the next 
measurement was taken in the same place. Mortality was recorded in the last 
census. 
 The transects were divided into 5 × 5-m subplots; in each subplot we 
measured: (1) maximum canopy height, classified into six categories: 0-2 m, 2-5 m, 
5-10 m, 10-20 m, 20-40 m and ≥ 40 m; (2) topographic steepness, divided in four 
classes: depression, flat (< 10º), slope (≥ 10º and < 30º) and steep slope (≥ 30º); and 
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(3) the understorey vegetation density, divided into dense vegetation and sparse 
vegetation. Canopy height was measured in both census years, and we used the 
mean value in the data analyses. The understorey density did not change between 
years (χ2 = 0.420, df = 1, P = 0.516); we used data from 2009 in the analyses. Three 
soil samples were collected in each transect for chemical analyses, which were made 
following van Reeuwijk (2002) in the laboratories of the Department of Bioscience at 
Aarhus University. All palm individuals were identified in a sub-transect of 5 × 250-m 
within each 20 × 250-m transect. Soil and palm data were sampled in 2012. From 
1995 to 2012 the palm community remained stable (Balslev, unpubl. data). 
 For data analysis, the M. cuspidatum population was divided into three 
classes: seedling-sized plants, non-climbers and climbers. We used this classification 
because the transition to becoming a climber is a key phase in the life history of 
lianas and is known to improve their fitness (Gianoli 2015). We refer to individuals ≤ 
30 cm long as seedling-sized. Non-climbers have length > 30 cm and can be upright 
or lie on the ground; climbers are > 30 cm long and attached to a host plant. The soil 
data were summarized as the first axis of a Principal Component Analysis (PCA) with 
the soil components calcium, potassium, magnesium and sodium. We used Beals 
smoothing function on palm data (De Caceres & Legendre 2008) to obtain a 
probability of occurrence of palms in the 5 × 5-m subplot where there were no palms. 
Then, we summed the calculated value for every five subplots, repeated the summed 
value in these plots, and did Hellinger transformation (Legendre & Gallagher 2001). 
We summed the values to avoid many subplots with zeros. We used the second axis 
of a PCA with the transformed palm species distribution to characterize variation in 
the palm species composition that were associated with environmental variation. The 
first axis only captured spatial variations in the species composition. In the areas of 
the 20 × 250-m transect where there were no palm data available, we used the PCA 
second axis score of the adjacent 5 × 5-m subplot. The influence of environmental 
factors on RGR of each class was tested by Akaike Information Criterion (AIC) model 
selection with linear regression and linear mixed model (LMM). RGR was logit 
transformed for seedling-sized plants. Mortality was treated as a binary variable, and 
the influence of environmental factors on it was tested by AIC model selection with 
generalized linear model (GLM) and generalized mixed model (GLMM). Mean 
maximum canopy height, steepness, soil, palm species composition and understorey 
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density were treated as fixed effects in all models. Transect number, region (close or 
far from the river), and transect within regions were treated as random effects. We 
used backward stepwise for model selection, as recommended by Zuur et al. (2009). 
For Beals smoothing function and Hellinger transformation we used the vegan 
package (http://CRAN.R-project.org/package=vegan) for R (R Development Core 
Team). The mixed effect models were made in lme4 package (http://www.inside-
r.org/packages/lme4/versions/1-0-4) for R (R Development Core Team). 
 Over 11 y, 421 of 448 seedling-sizes plants died, 539 of 732 non-climbers 
died, and 107 of 198 climbing individuals died. The mean relative growth rate of the 
surviving seedling-sized plants (± 1SE) was 0.164 ± 0.062 mm mm-1 y-1, of non-
climbers it was 0.096 ± 0.021 mm mm-1 y-1 and for climbers it was 0.094 ± 0.018 mm 
mm-1 y-1. The models selected for RGR based on AIC did not include any random 
factor, and only the model for climber growth was significant (F = 3.98, r² = 0.04, P = 
0.049). The only variable retained in this model, understorey density, had a weak 
positive effect on the RGR (estimates = -0.010, t test = -1.99, P = 0.05). For mortality, 
only the model selected for seedling-sized plants was significant. It included mean 
maximum canopy height and slope, but no random effects. The mortality of seedling-
sized plants was higher (58.4%) in areas with intermediate (10º–30º) steepness than 
elsewhere (estimates = - 0.690, t test = -2.04, P = 0.042). The models selected for 
non-climbers and climbers included transect as a random effect, but none of the 
variables was significant in these models.  
 Many species of liana in tropical forests are generally described as light 
demanding (Castellanos 1991, Schnitzer & Bongers 2002). Over the short term 
(1998-2000), M. cuspidatum seedlings (individuals ≤ 30 cm high) have been found to 
grow more in places with higher light availability (Nabe-Nielsen 2002). However, in 
the long term (1998-2009) the vital rates of the species were uncorrelated with a 
range of environmental variables that are all related to variation in light availability 
(maximum canopy height, steepness and understorey density). Although the 
mortality of seedling-sized plants was higher in areas with intermediate slope and the 
RGR of climbing individuals was higher in dense understorey, the effect was weak for 
the RGR of climbing individuals, and the vital rates were not related to any other type 
of environmental variation. The most parsimonious models did not suggest that the 
64 
 
vital rates varied among transects with different environmental conditions either, e.g. 
between bottomland and ridgetop habitats. 
The weak relationship between the vital rates of M. cuspidatum and the studied 
environmental factors indicate that the species can be regarded as an ecological 
generalist. Whereas lianas are generally characterized as species that respond to 
high-light environments and availability of suitable supports by growing fast (Putz 
1984b), this is not the case for M. cuspidatum. Two studies from the Ecuadorian 
Amazon have shown that the three most dominant tree species are all relatively 
indifferent to environmental heterogeneity (Pitman et al. 2001). The present study 
suggests that ecological generalism may play a similar role in explaining the 
prevalence of the most abundant liana species. 
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 Compreender os fatores responsáveis pelo aumento demasiado da densidade 
de lianas nos Neotrópicos, principalmente na floresta Amazônica e em florestas 
sazonais, tem sido um desafio para a Ecologia. Embora, em geral, a densidade de 
lianas tem aumentado nos Neotrópicos, nesta tese demonstramos que em um 
pequeno fragmento de Floresta Atlântica, a densidade de uma liana abundante vem 
decrescendo. O estudo da ecologia das populações locais pode ser uma ferramenta 
chave para entender o sucesso dessa forma de vida nos trópicos. No entanto, pouco 
se sabe sobre a ecologia populacional das lianas, tanto em florestas tropicais quanto 
em outras formações vegetacionais. Utilizando estudos de dinâmica, demografia e 
padrão espacial, buscamos responder questões sobre como as populações 
respondem às variações ambientais, para isso usamos como modelo duas 
populações de espécies abundantes e amplamente distribuídas nos Neotrópicos, a 
espécie Mansoa difficilis na Floresta Atlântica no sudeste do Brasil e a espécie 
Machaerium cuspidatum na Floresta Amazônica no leste do Equador. Este é o 
primeiro estudo a relacionar o sucesso das populações de lianas às variações 
ambientais. Mostramos que, em curto prazo, na Floresta Atlântica Estacional 
Semidecídua, tanto a dinâmica populacional quanto o padrão espacial é influenciado 
diretamente por fatores ambientais, os quais não permanecem os mesmo ao longo 
da história de vida. No entanto, em longo prazo, na floresta Amazônica, a 
mortalidade e o crescimento relativo dos indivíduos mostraram-se pouco sensíveis 
às variações ambientais. 
 Considerando que esse é o primeiro estudo do gênero feito para populações 
de lianas, recomendamos que mais estudos de longo e curto prazo sejam 
desenvolvidos, incluindo espécies abundantes e raras. Sabendo-se como as 
populações locais respondem às variações ambientais, é possível compreender e 
prever o impacto do aumento das suas densidades na dinâmica e estrutura das 
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